Introduction
============

Transsphenoidal surgical (TSS) resection of pituitary tumors accounts for as many as 20% of all intracranial operations performed for primary brain tumors at any academic center. [@JR_1] Anesthetic management of these patients presents unique challenges to anesthesiologists. Strong nociceptor stimulation arising from nasal speculum (NS) insertion during this procedure produces severe hypertension and tachycardia, which in turn increase the surgical site bleeding obscuring surgical field. [@JR_2] [@JR_3] Moreover, such hemodynamic changes may be detrimental to a susceptible patient. Many techniques have been suggested to counter this noxious stimulation such as administering incremental doses of opioids, propofol, incremental concentrations of inhalational agents, and maxillary nerve block, but none has proven fully effective. [@JR_4] [@JR_5] Moreover, some of these practices may delay recovery from anesthesia at the end of the surgical procedure. [@JR_4]

Early awakening from anesthesia after this neurosurgical procedure is of paramount importance, not only for neurological assessment of the patients but also to prevent any airway problems due to nasal packing as well as due to anatomical abnormalities of airway in acromegaly. Immediate postoperative visual acuity assessment of patients is a good guide to rule out hematoma compressing the optic chiasma and success of the surgical procedure. Thus, the main goals in technical solution procedure are prevention of disturbances of hemodynamics, provision of conditions conducive for good surgical exposure, and a prompt and smooth emergence from anesthesia to allow the early neurological and visual assessment. [@JR_4] [@JR_5] [@JR_6] [@JR_7]

Dexmedetomidine (Dex) is a highly selective α-2 agonist and has achieved widespread popularity in anesthesia as well as in intensive care practice. Owing to its central sympatholytic action, it attenuates intraoperative hypertensive episodes. It has established itself as a useful anesthetic adjuvant because it produces anxiolysis, reduces requirements of inhalational anesthetics as well as opioids, and is devoid of respiratory depression in the postoperative period. [@JR_8] [@JR_9]

We hypothesized that intraoperative Dex administration in patients undergoing microscopic TSS pituitary surgery will maintain hemodynamic stability and decrease anesthetic requirements, thereby resulting in early recovery of these patients. The primary objective of our study was to evaluate the effects of Dex administration on hemodynamic disturbances during NS insertion, and secondary objectives were to assess its effects on intraoperative anesthetic and opioids' requirements and postoperative recovery.

Materials and Methods
=====================

After taking approval from ethics committee of the institution, 60 adult patients of both genders (age 18--65 years) and American Society of Anesthesiologists I/II physical status, scheduled to undergo nonemergent microscopic transsphenoidal pituitary tumor adenoma excision, were enrolled in this study. Exclusion criteria were patients with history of cerebrovascular disease, cardiovascular disease, pituitary apoplexy, chronic renal or liver disease, and patients on β-blockers. They were examined a day before the surgical procedure, and all the routine investigations were reviewed, and Allen's test was performed. The study was explained to the patients, and written informed consent was taken. They were explained of the visual analog scale (VAS) and were instructed for breathing through the mouth after the surgery. [@JR_10] They were premedicated with 0.2 mg glycopyrrolate, 30 minutes before transfer to operating room. They were randomly assigned to two groups according to computer-generated randomized chart and sealed opaque envelops. Routine monitoring comprising of electrocardiogram, noninvasive blood pressure (BP), and oxygen saturation probe and bispectral index (BIS) sensors were attached. Before induction of anesthesia, a bolus of 5 mL/kg of normal saline was infused. Baseline values of heart rate (HR) and systolic, diastolic, and mean BP were noted (the mean of three values). In the Dex (D) group, a loading dose of 1 μg/kg was infused over 10 minutes. In the control (C) group, a similar syringe with the same volume of saline was infused over 10 minutes. Both the syringes were prepared by a consultant neuroanesthesiologist who was not involved in the study and neuroanesthesiologist administering them was blinded to the nature of agent in the syringes. Anesthesia was induced with fentanyl 2 μg/kg and a sleep dose of propofol (loss of response to verbal commands). After ensuring mask ventilation, rocuronium 1 μg/kg was administered to facilitate tracheal intubation. Posterior pharynx was packed with a roller gauze. Lungs were mechanically ventilated with oxygen nitrous mixture in a ratio of 1:2 and sevoflurane (minimum alveolar concentration \[MAC\] between 1.0 and 1.2) to maintain an end-tidal carbon dioxide tension around 36 mm Hg and BIS between 40 and 60 by altering the sevoflurane concentration. In Group D, Dex was infused at the rate of 0.5 μg/kg/h, and in Group C, saline was infused at the same volume rate. Intraoperative analgesia was supplemented with fentanyl 1 μg/kg whenever HR and mean arterial pressure (MAP) increased by \~20% above the baseline and persisted for at least 1 minute. A BIS value greater than 60 was treated with a bolus of 0.5 mg/kg of propofol, and the number of such boluses given was recorded. The surgeon inserted the NS after infiltration of nose and upper gingival surface with lignocaine containing 1:100,000 epinephrine. Speculum response resulting in an increase in BP if any, lasting more than 1 minute, was managed as below-mentioned protocol:

Fentanyl 1 μg/kg bolus was administered as the first line of treatment; if no improvement was observed, then, this was followed by a bolus of 0.5 mg/kg of propofol as the second line of management; and if this too also proved ineffective, then as a third line of treatment, labetalol was administered in boluses of 10 mg each up to a maximum dose of 60 mg.

Similarly, hypotension (a decrease in MAP of more than 20% lasting more than a minute) was managed by a fluid bolus as the first line of management; if this did not raise the BP level, then a vasopressor, mephentermine was administered in repeated boluses of 5 mg each. Bradycardia (HR \<50 beats/min persisting more than 1 minute) was treated by atropine boluses of 0.1 mg each.

Rocuronium (10 mg) supplementation was given on initial appearance of waning of relaxant effect. Consumption of total dose of fentanyl, propofol, mephentermine, labetalol, atropine, and rocuronium and the number of fluid boluses were recorded.

At the beginning of gingival suturing, infusion of Dex or saline was stopped, as well as sevoflurane was discontinued while nitrous was stopped only after completion of gingival suturing. Trachea was extubated after reversing the residual muscle paralysis with standard doses of neostigmine and glycopyrrolate.

Emergence time (time interval between discontinuation of nitrous oxide and time to open eyes spontaneously or to command) and time to extubate (time interval between stopping the nitrous and extubation) were noted. Hemodynamic response to extubation (that is peak rise in hemodynamic variables) was also recorded. Time taken from extubation to visual examination was also noted. Sedation level was assessed by Ramsey Sedation Score (RSS). [@JR_11] VAS was also assessed soon after extubation. Quality of recovery was defined according to modified Aldrete score (MAS), and time to achieve full score was noted. [@JR_12] Also recorded were complaints of nausea, vomiting, shivering, and agitation.

Patients were transferred to neurosurgical intensive care ward, and VAS was assessed every 15 minutes. Time for first requirement of analgesia was recorded (VAS \>3). Patients whose trachea could not be extubated were excluded from further analysis (postoperative).

Statistical Analysis
--------------------

Sample size was computed to detect a difference of 20% increase in MAP between the control group and the Dex group. The required sample size for α error of 0.05 and power of 80% was estimated to be 27 patients/group. We enrolled 30 patients/ group, assuming few dropouts from the study.

The statistical analysis was performed using statistical package for social sciences SPSS Windows 20 (SPSS Inc., Chicago, Illinois, United States). The demographic data were analyzed using the Student's *t* -test for continuous variables and chi-squared test for categorical variables. Intraoperative variables (duration of surgery, fluids transfused, and amount of drugs used) between the two groups were compared using the Student's *t* -test, while urine output and estimated blood loss were not normally distributed, hence compared using the Wilcoxon signed-rank test. Hemodynamic parameters and MAC value at a particular point of time between two groups were compared, using unpaired *t* test and over a period of time using repeated-measures analysis followed by multiple comparisons with least square deviation. The incidence of side effects was analyzed with Fischer's exact test. Postoperative data were compared using unpaired *t* test. Statistical significance between the groups was analyzed using post hoc comparison (multiple comparisons) by Bonferroni method. *p-* Value \< 0.05 was regarded as statistically significant.

Results
=======

The demographic profile of the patients in two groups is shown in [Table 1](#TB_1){ref-type="table"} and is comparable. The history of hypertension was present in five patients in Group D and seven patients in Group C. The classification of tumor was done according to their size. The majority of patients in both the groups, 27 each (90%), had macroadenoma. Following infusion of loading dose of Dex, BIS decreased to 85.6 (mean), but all the patients were arousable and maintained oxygen saturation. As per RSS, five patients had score of 1 while 15 and 10 patients had score of 2 and 3, respectively. The intraoperative details are shown in [Table 2](#TB_2){ref-type="table"} . Blood loss was not significantly different between the groups. There was a significant decrease in intraoperative requirement of propofol, fentanyl, and rocuronium as depicted in [Table 2](#TB_2){ref-type="table"} . Inhalational anesthetic (sevoflurane) requirement was also decreased significantly in Group D ( [Fig. 1](#FI1900018-1){ref-type="fig"} ). Hemodynamic alterations were encountered in both the groups, but it was more in Group C ( [Fig. 2](#FI1900018-2){ref-type="fig"} [3](#FI1900018-3){ref-type="fig"} ). At the time of NS insertion, the increase in HR was 26% in Group C as compared with 8.8% rise in Group D and an increase in MAP was 27% and 9.4% in Groups C and D, respectively. Of 27 patients in Group C who presented with NS response, 8 patients received line 3 treatment (labetalol boluses). However, in Group D, none of the patient required line 3 treatment ( [Table 3](#TB_3){ref-type="table"} ). The patients in Group D had better and early recovery ( [Table 4](#TB_4){ref-type="table"} ). Three patients in Group C were not extubated because of surgical reasons. They were electively ventilated in intensive care unit and successfully extubated on next day of surgery. Intraoperative bradycardia was seen in the patients in Group D and none in Group C, whereas hypotension occurred in two and five patients in Groups C and D, respectively. They were transient and responded to boluses of atropine and mephentermine. More number of patients in Group C had postoperative nausea and vomiting (PONV) (6 vs. 2; *p* = 0.25) and shivering (4 vs. nil, *p* = 0.11). Postoperative pain was complained by nine patients (33%) in Group C and two patients (6.6%) in Group D ( *p* = 0.01).

###### Patient characteristics

  Variable                  Group C ( *n* = 30)   Group D ( *n* = 30)   *p* -Value
  ------------------------- --------------------- --------------------- ------------
  Age, y                    41 ± 13.4             37.2 ± 11.0           0.23
  Height, cm                164.5 ± 8.9           162.8 ± 9.2           0.47
  Weight, kg                71.2 ± 14.8           67.7 ± 12.5           0.33
  Gender (male/female), %   17/13 (56.7/43.3)     16/14 (53.3/48.7)     0.79
  ASA status (I/II), %      18/12 (60/40)         20/10 (67.7/33.3)     0.23

###### Intraoperative details and drug requirement

  Variable                       Group C ( *n* = 30)   Group D ( *n* = 30)   *p* -Value
  ------------------------------ --------------------- --------------------- ------------
  Duration of surgery, min       130.5 ± 46.6          114.6 ± 43.6          0.18
  Nasal-speculum duration, min   72.9 ± 29.2           67.5 ± 23.4           0.43
  Fluid transfused, mL           1970 ± 446.5          2066.6 ± 537.1        0.45
  Urine output, mL               445 ± 329.1           331.6 ± 196.2         0.11
  Estimated blood loss, mL       218 ± 193.1           153.3 ± 147.9         0.14
  Propofol sleep dose, mg        123.3 ± 22.9          80.6 ± 21.4           \<0.0001
  Propofol supplementation, mg   59.6 ± 31.1           30 ± 14.1             0.04
  Fentanyl, μg                   260.6 ± 57.8          182.5 ± 39.7          \<0.0001
  Rocuronium, mg                 88.3 ± 20.1           73.6 ± 16.0           0.03

![Minimum alveolar concentration variation in two groups ( ^\#^ *p* \< 0.05, statistically significant). MAC, minimum alveolar concentration; NS, nasal speculum.](10-1055-s-0039-3399402_0018_01){#FI1900018-1}

![Variation in heart rate (in beats/minute) at various time intervals. Data are expressed as mean ± standard deviation ( ^\#^ *p* \< 0.05, statistically significant). NS, nasal speculum.](10-1055-s-0039-3399402_0018_02){#FI1900018-2}

![Variation in mean arterial pressure (in mm Hg) at various time intervals. Data are expressed as mean ± standard deviation ( ^\#^ *p* \< 0.05, statistically significant). NS, nasal speculum.](10-1055-s-0039-3399402_0018_03){#FI1900018-3}

###### Nasal-speculum response

  Variable                               Group C ( *n* = 30), *n* (%)   Group D ( *n* = 30), *n* (%)   *p* -Value
  -------------------------------------- ------------------------------ ------------------------------ ------------
  Response present                       27 (90)                        10 (33.3)                      \<0.001
  Line 1 treatment (fentanyl boluses)    27 (90)                        10 (33.3)                      \<0.001
  Line 2 treatment (propofol boluses)    13 (43.3)                      1 (3.3)                        \<0.001
  Line 3 treatment (labetalol boluses)   8 (26.6)                       0                              0.02

###### Postoperative data

                                     Group C ( *n* = 27)   Group D ( *n* = 30)   *p* -Value
  ---------------------------------- --------------------- --------------------- ------------
  Emergence time, min                7.9 ± 3.1             5.0 ± 2.4             \<0.0001
  Extubation time, min               10.8 ± 3.8            7.7 ± 3.1             0.01
  Ramsay sedation score              2.7 ± 0.5             2.3 ± 0.4             0.05
  MAS                                8.6 ± 0.9             9.1 ± 0.7             0.02
  VAS                                3.8 ± 1.2             2.6 ± 0.4             \<0.0001
  Time for visual examination, min   2.8 ± 0.9             2.3 ± 0.5             0.17
  Time for full MAS, min             6.3 ± 1.5             5.8 ± 0.9             0.11
  Time for 1st analgesic, min        15 ± 11.9             80.6 ± 36.6           \<0.0001

Discussion
==========

There was significant reduction in induction dose of propofol, MAC of sevoflurane, consumption of rocuronium, and fentanyl in the Dex group. Furthermore, Dex infusion produced stable hemodynamics during NS insertion compared with the control group. In the control group, significantly a greater number of patients required first and second line of antihypertensive measures to control high BP arising from NS insertion. More importantly, no patient in the Dex group needed third line of antihypertensive therapy, that is, labetalol, whereas 26.6% of the patients in the control group were administered third line of treatment.

Cardiovascular responses in the form of hypertension and tachycardia are frequently observed in various intracranial surgical procedures, and 50 to 90% of the patients require antihypertensive drugs perioperatively to restore BP level to normal. [@JR_13] [@JR_14] Microscopic TSS results in greater perturbations of HR and BP due to intense nociceptive stimuli arising during various stages of surgery. These responses can be blunted by increasing the depth of anesthesia and/or by administering opioids. However, both these maneuvers may cause hypotension, thereby compromising cerebral perfusion. Moreover, they may delay recovery following termination of anesthesia. [@JR_4] [@JR_6] In various general surgical and neurosurgical procedures, Dex has proved its efficacy in attenuating intraoperative increases in hemodynamics. Therefore, it has gained widespread acceptance in neurosurgical procedures. [@JR_15] [@JR_16] [@JR_17] Both peripheral and central mechanisms are responsible for the hemodynamic effects of Dex. In the central nervous system, activation of α-2 receptors leads to reduction in sympathetic outflow and an increase in vagal activity. In addition, Dex may also possess some peripheral ganglion-blocking action, which further enhances its sympatholytic effects. Our observations on intraoperative hemodynamic stability in presence of Dex are similar to various previous studies. [@JR_4] [@JR_18] Jan et al too came across similar results, while comparing oral clonidine with intravenous Dex infusion in patients undergoing transsphenoidal resection of pituitary tumors. Although hemodynamic fluctuations occurred in both groups, patients in the Dex group had better hemodynamic stability. [@JR_19]

The exact mechanisms of propofol-sparing effects of Dex are unclear; it is speculated that peripheral vasoconstrictor effects of Dex retard redistribution of propofol, thereby augmenting its actions at the effect site, despite administering a lower induction dose. Besides, owing to its sedative effect, Dex reduces the induction dose of Propofol, which in turn leads to a lower incidence of hypotension.

By virtue of its α-2 agonist actions that inhibit noradrenergic transmission, Dex reduces the requirement of inhalational anesthetic agents. [@JR_9] In our study too, Dex reduced the MAC of sevoflurane by 14%, which is in consonance with the previous studies. [@JR_20] [@JR_21] We monitored anesthetic depth with BIS, an accepted tool for monitoring depth of anesthesia. [@JR_22] Similar to the previous study of Memis et al, we too noted a reduced requirement of rocuronium in patients of the Dex group, probably resulting from an altered pharmacokinetics of rocuronium presence of Dex. [@JR_23] Reduced requirements of sevoflurane and rocuronium by the Dex infusion will be of tremendous benefit to a neurosurgical patient because a faster recovery from anesthesia would aid the neurosurgeon to conduct an early neurological examination of the patient.

Fentanyl requirement was reduced by 30% in the Dex group. Animal studies have shown synergistic analgesic action of Dex and fentanyl. [@JR_24] However, this observation in our study was at variance with a similar study published by Gopalakrishna et al. [@JR_4] The latter study differed from our study in that the authors avoided nitrous oxide unlike our study. It has been previously reported that administration of Dex in the presence of nitrous is likely to provide enhanced and durable analgesia. [@JR_25] This may explain different observations on requirement of fentanyl in the two studies. Salimi et al found that intraoperative infusion of 0.6 μg/kg/h in pituitary surgeries reduced intraoperative propofol and fentanyl requirement similar to our results, but they also observed reduced intraoperative blood loss in the Dex group contrary to our findings. Surgeons' satisfaction that was not evaluated in our study was also better in the Dex group. [@JR_18]

The primary requirements of neurosurgical anesthesia are early emergence and tracheal extubation. Both these parameters were significantly shorter in the Dex group compared with the control group. Decreased consumption of sevoflurane, rocuronium, and fentanyl in the Dex group was the reason for faster emergence and extubation. On the other hand, Gunes et al reported delayed recovery following termination of anesthesia in patients administered Dex during intracranial surgery. [@JR_26] However, these authors infused a higher dose of Dex (0.6--1.2 μg/kg/h) in intracranial surgery compared with 0.5 μg/kg/h of Dex in our patients of TSS procedures. Therefore, the two studies cannot be compared with each other. Following tracheal extubation, RSS was comparable at all the time points in the postoperative period, and the time to vision examination was comparable. Since vision examination requires patient's full cooperation, similar RSS after extubation resulted in similar time interval for vision examination. Most of the patients in the Dex group woke up from anesthesia pain free and had delayed request for first analgesic in the postoperative period. This emphasizes the analgesic effect of Dex, which may decrease opioids' requirements postoperatively.

Although MAS immediately after extubation was statistically higher in the Dex group but the difference was significant clinically, similar MASs were reported by Unlugenc et al also in their study, the protocol of which, however, was different from our study, and it was conducted in nonneurosurgical patients. [@JR_27] PONV was more in the control group. Alpha-2 agonists reduce salivary flow and gastrointestinal motility that can contribute to decreased nausea and vomiting in patients receiving Dex. Furthermore, there was decreased opioid and inhalational anesthetic consumption in the Dex group that could have also attributed to reduced PONV. The exact mechanism remains, however, unclear. ^28,29^ Dex has been used to maintain stable hemodynamics in endoscopic transnasal pituitary surgeries although our patient group was for microscopic surgeries. The authors noted greater incidences of hypotension and bradycardia in the Dex group. [@JR_30]

There are quite a few limitations in our study. First, when we conducted this study, the microscopic TSS for pituitary adenoma excision was in vogue, a technique that has gradually been replaced by endoscopic technique. The latter technique does not require NS insertion, yet requires turbinectomy (which is not as stressful as NS insertion). Although significant hemodynamic perturbations may result during endoscopic procedure too, we cannot comment on the benefits of Dex in this setting. However, other benefits of Dex infusion will accrue in endoscopically performed TSS also. Second, we cannot comment on impact of Dex infusion, if any, in patients with cardiovascular diseases since we excluded this group of patients from our study. Third, we topped up rocuronium based on capnography, which is not a proper technique for monitoring muscle relaxation. Moreover, total sevoflurane consumption could have been measured. Fourth, stress hormone levels' (such as cortisol) measurement, a better marker of stress, should have been measured during NS insertion, but we were handicapped by the absence of this laboratory facility. Finally, we compared Dex with placebo, which had obvious results. Comparison of dexmedetomidine with other drugs can be performed in future trials.

Conclusion
==========

Our study suggests that intraoperative infusion of Dex in patients undergoing microscopic TSS offers a valuable strategy to blunt the hemodynamic perturbations during NS insertion and promotes quick recovery by reducing intraoperative requirement of sevoflurane, fentanyl, and rocuronium.
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